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continuous	wave	 (CW)-EPR	spectroscopy.	Most	of	 the	spin	 labels	 showed	 lower	binding	affinity	







Electron	 paramagnetic	 resonance	 (EPR)	 spectroscopy	 is	 increasingly	 being	 used	 to	 obtain	
structural	 insights	 of	 nucleic	 acids.1-6	 Rapid	 progress	 in	 EPR	 spectroscopy	 has	 been	 driven	 by	










(DEER).2,	 9,	 10	 EPR	 also	 gives	 valuable	 information	 about	 local	 dynamics	 (motion)	 as	 well	 as	




synthesis,	post-synthetic	 labeling	and	noncovalent	 labeling.3,	16,	17	The	 first	 two	methods	 rely	on	
covalent	 attachment	 of	 spin	 labels,	 which	 is	 often	 time-consuming	 and	 non-trivial.	 The	 third	
approach	is	based	on	noncovalent	van	der	Waals-	and	hydrogen	bonding-interactions.18-21	There	
are	 several	 reports	 in	 the	 literature	 that	 describe	 noncovalent	 targeting	 of	 small	 molecules,	
including	 spin	 labels,	 to	 specific	 sites	 in	 nucleic	 acids.	 For	 example,	 Nakatani	 and	 co-workers	
developed	an	approach	for	a	programmable	assembly	of	spin	probes	on	one	and	two	dimensional	
DNA	 arrays	 by	 using	 nitronyl	 nitroxides	 and	 2,2,6,6-tetramethylpiperidine-1-oxyl,	 (TEMPO)	




that	 bind	 specifically	 to	 abasic	 sites	 and	 have	 been	 used	 for	 the	 detection	 of	 single	 nucleotide	
polymorphisms	 (SNPs)	 in	DNAs28-31	 and	RNAs.32,	33	Based	on	 the	 fluorescence	signaling	of	 small	




















N3-ethylguanidino	 groups	 were	 prepared	 and	 their	 binding	 to	 abasic	 sites	 in	 duplex	 DNAs	




solubility	 in	water.	Most	of	 these	spin	 labels	were	prepared	by	short	synthetic	routes	using	bio-
orthogonal	Sonogashira-	and	click-reactions.	A	subset	of	these	compounds	showed	good	binding	





abasic	 sites	 and	 have	 higher	 solubility	 in	 aqueous	 solutions	 than	 ç.	 In	 addition,	 we	 wanted	 to	
prepare	spin	labels	that	would	show	less	orientational	effects	in	PELDOR,42	which	would	simplify	
EPR	measurements	and	data	analysis.	Flexible	spin	 labels	do	not	show	orientational	effects,	but	
usually	 yield	 less	 accurate	 distances	 because	 of	 the	movement	 of	 the	 label	 independent	 of	 the	
nucleic	acid	to	which	they	are	attached.	However,	labels	that	only	allow	rotation	of	bonds	that	lie	on	


























































the	acetylene-linked	 spin	 labels	 showed	moderate	binding	affinity	 (Ca.	30-40%).	The	acetylene-
based	cytosine	derivatives	(2	and	3)	bind	more	efficiently	 than	 the	uracil	derivatives	(4	and	5),	
presumably	due	to	the	 increased	number	of	hydrogen	bonds.	The	pyrrolocytosine	spin	 label	(6)	
showed	 better	 binding	 than	 the	 acetylene-linked	 spin	 labels	 (Ca.	 60%),	 possibly	 due	 to	 better	
stacking	of	the	fused	ring-system	with	the	nucleobases	flanking	the	abasic	site.		
To	determine	if	the	binding	of	the	labels	in	Scheme	1	was	specific	to	the	abasic	site,	spin	labels	were	
individually	 incubated	 with	 an	 unmodified	 14-mer	 DNA	 duplex,	 which	 showed	 no	 detectable	








(“click	 chemistry”)67	 for	 post-synthetic	 spin	 labeling	 of	 DNA.56	 Specifically,	 an	 oligonucleotide	
containing	an	alkyne	was	reacted	with	an	azido-isoindoline	nitroxide	and	used	for	detection	of	DNA	
structural	 lesions,	 such	 as	 abasic	 sites	 and	mismatches.56	 Due	 to	 the	 ease	 of	 synthesis,	we	 also	











The	 synthesis	 of	 the	 triazole-linked	 cytosine	 spin	 label	 derivative	 began	 by	 treatment	 of	
intermediate	 19	 with	 TPS-Cl	 in	 the	 presence	 of	 triethylamine	 and	 a	 catalytic	 amount	 of	 4-
dimethylaminopyridine	 (DMAP).	Reaction	of	 the	 resulting	O4-sulphonyl-activated	compound	22	








































each	 label	 with	 an	 unmodified	 DNA	 duplex	 of	 the	 same	 sequence.	 The	 spin	 labels	 were	 highly	
specific	to	an	abasic	site;	the	N1-methyl	derivatives	7	and	8	did	not	show	binding	to	the	unmodified	
DNA	duplex,	whereas,	the	N1-ethylamino	analogues	showed	only	ca.	10%	non-specific	binding	at	
−30	°C	(Supporting	 Information).	To	determine	 the	specificity	of	binding	at	 the	abasic	sites	as	a	




























directed	 spin	 labeling	 of	 nucleic	 acids	 are	 reported	 in	 this	 paper.	 Most	 of	 the	 nitroxides	 were	
synthesized	by	relatively	short	synthetic	routes	in	good	yields.	Amino-modified	spin	label	1	does	
not	 bind	 at	 all	 to	 an	 abasic	 site	 in	 duplex	 DNA,	 whereas	 acetylene-linked	 spin	 labels	 showed	
moderate	 binding	 affinities.	 The	 pyrrolocytosine	 spin-label	 6	 showed	 higher	 binding	 affinity,	
presumably	due	to	better	stacking	with	the	flanking	bases,	and	less	mobility	than	the	acetylene-
linked	 labels.	Of	 the	 triazole-linked	derivatives,	N1-ethylamino	analogues	of	spin	 label	9	 and	10	
showed	 both	 increased	 binding	 affinity	 and	 solubility	 in	 aqueous	 solutions.	 Of	 the	 spin	 labels	
reported	here,	only	9	and	10	showed	significant	binding	to	an	RNA	duplex	containing	an	abasic	site.	
In	fact,	9	is	the	first	example	of	quantitative	spin-labeling	of	abasic	sites	in	duplex	RNA.	However,	9	
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Figure	2:	EPR	spectra	of	 spin	 labels	 (left)	and	 in	 the	presence	of	an	abasic	 site	 containing	DNA	
duplex	at	−30	°C	(right).	Dotted	lines	indicate	the	relative	broadening	of	the	EPR	spectra	of	spin	


































































Of	 ten	 new	 pyrimidine-derived	 nitroxide	 spin	 labels,	 an	 N1-ethylamino	 triazole-linked	 uracil	
derivative	binds	fully	to	both	DNA	and	RNA	duplexes	containing	an	abasic	site,	as	determined	by	
CW-EPR.	
	
	
	
	
